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Overview 


Definition of sensor web 

• Coherent collection of sensors, space-based and/or grouncT 
based, and computation nodes linked by a communication fabric 
and collectively act as a single, dynamically adaptive, observing 
system (Talabac/GSFC) 

Sensor webs use autonomic computing and components: 

• Have self-awareness 

• Self-optimize 

• Self-heal 

• Self-protect 

• Negotiate (peer-to-peer) for resources 

• Function in a heterogeneous world and with open standards 

• Anticipate needed resources and hides details needed to 
obtain resources 

Evolve sensor web capabilities in pursuit of capabilities to support 
Global Earth Observing System of Systems (GEOSS) 
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Software-driven 
Antenna Sensitivity 
Patterns - Software 
Tunes Reception to 
Targeted Satellite 


Vision to Enable Sensor Webs with "Hot Spots" 

Sensor Web Experiments, Event-driven Observations, Onboard Autonomy 
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Plug and Play 
Flight Software 



Vision Extended for Communication/Control Architecture for 
Missions to Mars 


Sensor 

Networks 
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On-board science processing, 




E.O*' 


Key Capabilities Implemented to Enable 
EO-1 Sensor Webs 

Odenca dels products oenerstsd 
on-board and evaluated by 

algorithms 



ous EO-1 Sensor Web Experiments 
Conducted 





e of Three Experiments Conducted by 
IBC Undergraduate Class 12-14 : Q5 (1 of 3) 



Students used the following interconnected assets 

• EO-1 

• Wireless Sensor Network (set of 6 motes 1” x 2” each) 

• Personal Exploration Rover (PER) or Mini-rover 

• Laptop computer and wireless router 

Three project teams from Computer Science class conducted 
three experiments 

Explanation of one of the experiments (Emergency Response 
Network) 

• One of 6 sensor motes turned off to simulate failure 

• Mini-rover automatically finds broken mote and goes to 
location and takes picture 

• Message sent automatically to EO-1 to also take a picture of 
site which, in this case, is the whole UMBC campus 



wireless interfaces 


sensor mote 


~ ' One of Three Experiments Conducted by 

UMBC Undergraduate Class 12-14-05 (2 of 3) 
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EO-1 Advanced Land Imager (ALI) 

Image of UMBC Campus * ...) 
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Experiment with UMBC Undergraduate Class 
1>44-05 (3 of 3) 


Mini-rover in action 


Baltimore Sun reporter 

Mini-rover 
autonomously 
finding broken 
sensor node (part of 
Emergency Response 
UMBC project team) 


Picture of 
Experiment Day 


Sensor network class, 
Dr. Younis, Vuong Ly 
and Dan Mandl 


Sensor mote layout & 
atrium where 
experiment conducted 
i(inset) 



Closer Look at our Mini-Rovers & 
imulated Mars Landscape at GSFC 



■ GSFC Mission Systems Evolution Center (GMSEC) 

■ Core Flight Executive (cFE) 

■ Core Flight System (CFS) 

■ SensorML 


Integrated 


Services 


lining to Implement Experiments with Standards - 
jpfon for Integrated Sensor Web Environment 
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Application Services 
SensorML Archives Event Processing Others TBC 


Interoperability and Meta-Language Services 
SensorML Others TBD 


GMSEC 
or Grour 


Distributed Multi-Protocol Message Bus 



GMSEC architecture provides a 
scalable and extensible ground 
and flight system approach 


Standardized messages 
formats 


Plug-and-play components 


• Publish/Subscribe protocol 


• Platform transparency 


• More info at: 

http://qmsec.qsfc.nasa.aov 


oddard Mission Services Evolution Center 
(GMSEC) 









GMSEC Component Catalog 


GMSEC approach gives users choices for the components in their system. The 
TRMM mission has selected key components from the GMSEC catalog. 


i Front End Processor* | Scripting 
«■ Simulators Control 

Peri 

( Python } 


► Talemetry ♦ 
Command Systems 


► GMSEC APIs/Ops System# 




< C, C-m- \ 

-racar-" 


Delphi 


H 


Windows 
~~( Solaris 


COTS Middleware: SCL, Tibco Rendezvous, Tibco SmartSockets. Elvin 
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<k^kCore Flight System (CFS) and 

^(Extension for GMSEC for Flight SW 


CFS provides a framework that 
simplifies the development and 
integration of applications 

■ Layered Architecture - software 
of a layer can be changed without 
affecting the software of other 
layers 

■ Components communicate over a 
standard message-oriented 
software bus, therefore, 
eliminating the need to know the 
details of the lower layers of inter- 
networking. 

■ Software components can be 
developed and reused from 
mission to mission. 


Software 


Branch at 


More info at: 

http://qmsec.qsfc.nasa.gov. 





Sensor Modeling Language 



XML based 

Provides general sensor information to support data discovery 
Supports processing and analysis of sensor data 
Supports geo-locations of sensor data 

Provides performance characteristics (accuracy, thresholds, etc.) 
Archive fundamental properties and assumptions regarding 
sensors 

Can apply to any sensor whether in-situ or remote 
Facilitates “plug and play” and interoperability between sensors 
• Especially useful for heterogeneous sets of sensors and rapid 
integration of new sensors 


From — http://vast. nsstc. uah.ed u/SensorML/ 



'• . 'Began Using Cosmic Hot Interstellar Plasma 
Spectrometer (CHJPS) in Fall 2005 


r ) $ - 

PowerPC ;■ J 

Ground to space IP connection •' 7 
128 Mbytes of Memory * , ^ 

Perfect for Experiments 
(E.g. Secure IP to S/C) 

*** OPEN FOR BUSINESS 9/1/05 






Ground System Testbed 
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Output 


amless Ground to Space Integrated 
•ssage Bus Demonstration (completed 
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Livingstone 

Adaptor 
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Secondary 


DC - Data Center 
ASIST - Advanced Spacecraft Integral 



j^) CHIPS Satellite 
(cFE installed) 


Wireless link follows 
> MAC protocol 

IEEE 802.11 based 
< ” > wireless link (or any 

other NASA endorsed 
MAC protocol) 

Rover 
(Instrument 
cFE installed) 


Soft*!* 


Next Steps: 

arjjet Future Demonstration Architecture 

Target December 200$ - February 2006) 




Gateway 
Ground Station 
Simulator/GMSEC 

■ Integrate this demonstration on-orbit using CHIPS 

■ Use CHIPS as message relay 

■ Integrate Rover and instrument CFS 

■ Collaboration with UMBC 








Other Experiments jn Queue 



Demonstrate instant porting of ground components to satellites 
Network Time Protocol 
IP Security 

Onboard file management 

Integrate SensorML into some experiments using an assortment 
of sensors, rovers and satellites 
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